A rapid 7-h fecal coliform (FC) The need for rapid determination of the sanitary quality of water has been cited most often in relation to testing emergency or temporary potable water supplies, recreational waters, and shellfish-growing waters subject to sewage pollution. The usefulness of a rapid bacteriological test is determined by several important factors including ease of use, accuracy and sensitivity, economy of use, and test results that provide good correlation with results obtained by using accepted standard procedures as outlined in Standard Methods for the Examination of Water and Wastewater (1). Approaches to fulfilling the need for a rapid sanitary indicator test have included the development of sophisticated methods that require special instrumentation, reagents, etc. However, methods that require skilled personnel and sophisticated equipment may not be adaptable to authentic emergency situations. Therefore, the most suitable approach appears to be that of modifying conventional coliform methodology so that the results can be obtained within a much shorter time than the usual 24-to 48-h period. Van Donsel et al. (D. J. Van Donsel, R. M. Twedt, and E. E. Geldreich, Bacteriol. Proc., p. 25, 1969) used a gradient temperature incubation block to determine that 41.5°C was the optimum incubation temperature for quantitation of fecal coliforms (FC) in 7 h. Coupling this optimum incubation temperature with a medium that contains lactose and mannitol and a sensitive acid-base indicator system permitted quantitation of FC in less than an 8-h work day. In this paper, data are presented on the final development and field testing of the membrane filter 7-h FC test.
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MATERIALS AND METHODS
m-7-h FC medium. The medium formulation and preparation instructions are shown in Table 1 . Prepare the medium in bulk dehydrated quantities by grinding appropriate quantities of the ingredients (except agar) with a morter and pestle or in a ball mill. After thorough grinding and mixing, dry the medium overnight in a drying oven at 50°C. The medium should be placed in a clean, dry bottle, sealed tightly, and stored in a warm, dry place or stored in a desiccating chamber with fresh desiccant. The membrane filter medium (m-7-h FC medium) is prepared by using 3.14 g of dehydrated m-7-h FC medium per 100 ml of distilled water. After dissolving the ingredients, the pH should be checked and adjusted to 7.3. Add 1.5 g of agar per 100 ml of m-7-h FC medium after pH adjustment. Alternatively, prepare bulk m-7-h FC medium in 1- liter volumes by dissolving all the ingredients except agar in 1 liter of distilled water, adjust the pH to 7.3, and filter sterilize the solution. Refrigerate the stock medium and use as needed to prepare 100-ml volumes of the m-7-h FC medium. Add 1.5 g of agar per 100 ml of medium and heat to boiling to dissolve the agar.
Dispense 4-to 6-ml volumes of m-7-h FC medium into tight-lid petri dishes; prepared plates can be stored and refrigerated (2 to 8°C) for up to 
RESULTS
Mean verified FC counts determined by both the standard 24-h FC procedure and by the 7-h FC procedure are shown in Table 2 . The mean ratio, 7-h FC count per 100 ml/m-FC count per 100 ml (7-h FC/24-h FC) ranged from 0.55 to 2.00; the mean ratio of all samples was 1.08. A statistical analysis of the ratios (7-h/24-h) for all Table 6 . The mean FC count per 100 ml for both the 24 h m-FC test and the 7-h FC test was determined, and the mean ratio 7-h FC/24-h FC was also calculated for each category. The highest ratios recorded were in the -5-colonies-permembrane category and in the 6-to 10-coloniesper-membrane category. Low membrane filter colony counts frequently resulted in large differences in the 7-h FC/24-h FC ratio due to the random distribution of a few FC in a large sample volume. For all samples that had FC membrane filter counts recorded as a "less-than" (<) value for the sample volume filtered, the less-than value was treated as a definite number to permit estimation of the 7-h FC/24-h FC ratio. For example, if the FC count on the 7-h FC membrane was 0/10 ml, the FC count was recorded as <10/100 ml [0/10 ml = <1/10 ml; 10(<1/10) = <10/100 ml]; therefore, a value of 10/100 ml was used to calculate the 7-h FC/24-h FC ratio. tend to support this explanation.
The data shown in Table 9 compare FC results from laboratory-prepared m-7-h FC medium versus results from two commercially prepared trial batches of m-7-h FC medium. Examination of the mean 7-h FC/24-h FC ratios for samples from four different water sources showed that both commercially prepared batches of the m-7-h FC medium performed somewhat less satisfactorily than the laboratory-prepared medium. Compared with the standard 24-h FC test, the ranking of the media from best to poorest results was laboratory m-7-h FC > Difco m-7-h FC > BBL m-7-h FC. Table 10 summarizes unverified FC data from Lake Michigan water samples examined by using the commercial trial batches of m-7-h FC medium. Because of the number of daily beachmonitoring samples, verification of all suspected FC colonies was not possible, although a limited number of colonies was picked at random for verification. Examination of the data in Table  10 shows that the results from the Lake Michigan water samples with Difco m-7-h FC medium and BBL 7-h FC medium were similar for most membrane colony count categories; thus, the differences observed did not appear to be significant. For this particular sample source, both media performed satisfactorily. The data in Ta- performance of each commercially prepared m-7-h FC medium varied to some extent with the type of water sample, except for the Lake Michigan samples. Both Difco m-7-h FC and BBL m-7-h FC media performed equally well on the Lake Michigan samples (Table 10 ), yet the performance of the BBL m-7-h FC medium was much poorer than the Difco m-7-h FC medium on other water samples ( Table 9 ). The reason for this difference is unclear, although the m-7-h FC medium is only very lightly buffered and pH, turbidity, and dissolved solids of the water sample may have resulted in differences in the amount of acid production necessary to shift the pH indicator into the yellow range. A total of 277 yellow, pale yellow, clear, and purple colonies were picked from m-7-h FC plates, streaked for pure culture, and characterized and identified by using the API-20E System (Analytab Products, Division of Ayerst Laboratories, Inc.) (Table 11 ). Escherichia coli comprised 59.9% of the cultures, followed by: Klebsiella pneumoniae, 31.8%; Enterobacter sp., 6.5%; Pseudomonas sp., 0.7%; and Citrobacter 400 3,400 400 Initially, the large number of isolates from each colony color group that were verified as FC was disconcerting. However, the fact that the yellow (all shades) FC colony counts on the m-7-h FC medium were generally equivalent to the blue FC colony counts on the 24-h m-FC medium indicates that roughly the same populations of FC were counted. On the m-7-h FC medium, however, additional FC were recovered, probably due to the 41.5 + 0.5°C incubation temperature. The FC strains that formed clear or purple colonies apparently were injured or physiologically compromised organisms that probably could not survive exposure to 44.5 ± 0.20C but were able to repair and grow at 41.5 ± 0.5°C even though insufficient acidity was produced to shift the pH indicator into the yellow range. Thus, the m-7-h FC medium offers a selective means of recovering many of the stressed FC that may be present in water. DISCUSSION During early development of the medium, fade out of the yellow color of FC colonies was noted beginning about 15 min after the m-7-h FC plates were removed from the 41.50C water bath. Incorporation of 0.5% mannitol in the medium eliminated fade away of the yellow color. Apparently, the additional acid produced during mannitol fermentation was sufficient to maintain the pH in the yellow color range of the bromocresol purple even after the plates were placed at room temperature before counting. Total substitution of mannitol in place of lactose was not satisfactory; yellow colony color development was best only when both lactose and mannitol were present. Diauxic growth was not noted, and, due to the length of incubation, appeared not to be of concern in this procedure. parently is optimum differential growth of FC that includes increased recovery of stressed FC. Thus, the reduction in incubation temperature from 44.5°C as used in the 24-h FC procedure to 41.50C for the 7-h FC test undoubtedly contributed directly to the large number of nonyellow colonies that were confirmed as FC. These organisms are believed to be stressed FC that would fail to survive if incubated at 44.50C on m-FC agar. Reports by other investigators have shown that significant numbers of stressed cells exist in populations of bacteria exposed to aquatic environments or foods (2, 5, 10, 16) . Modified culture methods are required for recovery and enumeration of sublethally stressed organisms (3, 4, 8, 9, 11, 12, 14, 15) . On the basis of such evidence, it is reasonable to conclude that the 41.50C incubation temperature resulted in less additional stress to injured FC than did 44.50C incubation. Thus, more FC were able to repair metabolic damage and grow. Given additional time to grow, they would have produced sufficient acid to shift the indicator system into the yellow color range. When 7-h FC plates were left at room temperature overnight, the plates turned partially or totally yellow within 12 
